The Dabaoshan deposit in Northern Guangdong Province, South China, is a Cu-Mo-W-Pb-Zn polymetallic deposit, located in the southern part of the Qin-Hang porphyry-skarn Cu-Mo ore belt. The deposit mainly comprises porphyry Mo and stratiform skarn Cu ore deposits. The genesis of the Cu ore deposit has been ascribed to a typical skarn ore deposit formed by the metasomatism of Devonian carbonate rock layers or to a volcanic rock-hosted massive sulfide deposit formed by marine exhalation. In this paper, we report on the homogenization temperatures and salinities of fluid inclusions and C, H, O, S, and Pb isotopic compositions of fluids and minerals in this deposit. Homogenization temperatures and salinities of fluid inclusions in garnet, diopside, quartz, and calcite provide information on the skarnification, mineralization, and postmineralization stages. The data show that ore-forming fluids experienced a continuous transition from high temperatures and salinities to low temperatures and salinities over the entire period of mineralization. C, H, and O isotopic compositions indicate that ore-forming fluids were derived mainly from magmatic water. O isotopic compositions indicate that ore-forming fluids mingled with atmospheric water during the last stage of mineralization. Sulfur in the ore came mainly from deep magmatic sources. Pb isotopic compositions in the orebody show that almost all the lead in the ore was derived from magma with a crustal source. Combined geological, geophysical, and geochemical data were achieved before we proposed that the Dabaoshan porphyry-skarn Cu-Mo-W-Pb-Zn deposit, as one member of the Qin-Hang porphyry-skarn Cu-Mo ore belt, formed during the Jurassic subduction of the paleo-Pacific plate beneath the Eurasian continent at quite low angle. NE-and EW-trending structures controlled the emplacement of magmatic rocks in the South China region. In the mining area, the Xiangguanping Fault and its branches were the main conduits for magmatic crystallization and mineralization. The many subfaults, folds, and interlayer fracture zones on both sides of the main fault provided the requisite space for the ore and, together, were the controlling structures of the orebody.
Introduction
The Dabaoshan deposit is a large Cu-Mo-W-Pb-Zn deposit in the Qinzhou-Hangzhou Belt (Mao et al., 2004a (Mao et al., , 2004b (Mao et al., , 2007 (Mao et al., , 2011 Jiang et al., 2008; Yang et al., 2009; Xu et al., 2012; Guo et al., 2013) . Several large W, Sn, Li, Be, Nb, Ta, Bi, Mo, Au, Ag, Pb, Zn, Sb, Cu, REE, and U deposits occur within the belt related to Mesozoic granitic magmatism. The deposit contains 52,000 t of Mo at an average grade of 0.07 wt %, 45,000 t of WO 3 at 0.3 wt %, 313,000 t of Cu at 0.86 wt %, 20,000 t of Pb at 1.77 wt %, 52,000 t of Zn at 4.44 wt %, 11Mt of Fe at 48.21 wt %, and S at 19.1 wt % (Wang et al., 2011) .
The geology, conditions of mineralization, and mechanism of mineralization of the stratiform Cu orebody of the Dabaoshan deposit have been modeled previously (e.g. Liu & Zhou, 1985; Luo, 1985; Ge & Han, 1986 Zhuang, 1986; Huang et al., 1987; Tang et al., 1992; Cai & Liu, 1993; Fan et al., 1994; He et al., 1996; Song et al., 2007) , and previous studies have examined the geochemistry and geochronology of the granodiorite and dacite porphyries in the area Ge & Han, 1987; Tang et al., 1992; Cai & Liu, 1993; Fan et al., 1994) . However, the genesis of the deposit remains debated, with some authors suggesting it was deposited by a submarine volcanic hydrothermal fluid (Ge & Han, 1986 and others suggesting a porphyry-skarn mechanism Huang et al., 1987; Tang et al., 1992; Cai & Liu, 1993 . In this paper, we present new data on the fluid inclusion homogenization temperatures and salinities and C, H, O, S, and Pb isotopoic compositions for the Cu mineralization in the Dabaoshan deposit. Using these data, we determine the characteristics and sources of ore-forming fluids, and the sources of ore-forming materials during the stratiform Cu mineralization, and discuss the metallogenic mechanism.
Regional geological setting
The South China Block is a continental amalgamation formed by the Yangtze Craton and the Cathaysia Block in the Neoproterozoic. The Cathaysia Block is composed mainly of Mesozoic granitoids-volcanics over a surface area of~220,000 km 2 , associated with extensive metallic mineralization. The Nanling Region (NR), in the center of the Cathaysia Block, resents a significant W, Sn, Mo, Bi, Pb, Zn, and U metallogenic belt. The Qinhang Belt occurs between the Yangzi and Cathaysian blocks, which were amalgamated during the late Proterozoic. The region was then affected by continental collision (extrusion) and extension in the Middle-Late Jurassic. During the continental collision event, a series of Cu and W-Sn metallogenic belts developed. These ore-forming belts extend from the southwest to the northeast, from Qinzhouwan in Guangxi through east Hunan and central Jiangxi to Hangzhouwan in Zhejiang. The Qinhang Belt and its surrounding area form an important Cu-Au-Pb-ZnAg province in South China, and it contains several large polymetallic deposits (Jiang et al., 2008; Yang et al., 2009; Mao et al., 2011; Guo et al., 2013) , including Proterozoic Cu-Pb-Zn deposits associated with submarine volcanic hydrothermal activities and Mesozoic Cu and W-Sn deposits associated with intermediateacidic granitoid (Mao et al., 2011) . Polymetallic deposits within the Qinhang Belt are predominantly porphyry-skarn-type deposits associated with intermediate-acidic magma activities. Porphyry Cu and Pb-Zn-Ag deposits are located in the northeast of the Qinhang Belt, whereas Cu-Mo-Pb-Zn-Ag deposits are observed to the southwest as the boundary of the NW-trending Changde-Anren Fault. Cu polymetallic deposits in the Qinhang Belt were generated during predominantly Yanshanian multistage and polygenesis magmatic hydrothermal mineralization, with metallogenic division in space. Ore deposits are spatially zoned, with an outward progression from porphyry-type W-Mo-Cu to skarn-type Cu-Fe-W-Mo and finally filling metasomatism-type Pb-ZnAg mineralized belts. Uplifted and depressed regions within the Qinhang Belt show clear differences in their mineralization style. Uplifted regions typically host Ag-Au polymetallic and rare metal deposits associated with S-type acidic-alkaline magma. In depressions, Cu polymetallic and rare metal deposits dominate, hosted by intermediate-acidic I-type porphyries (subvolcanic rocks).
The Yunkai Block, located in the southwest section and vicinity of the Qinhang Belt, represent a paleo-uplift as the core of Proterozoic migmatite and migmatitic granite. The tectonic-magmatic evolution of the block was complex; the metallogenic condition was superior and resulted in the generation of several highgrade large and superlarge metallogenic deposits, the Dabaoshan Cu polymetallic deposit, the Daganshan, Taohua-Gupao, and Pangxidong ore fields; the Yangchun Basin; and the Dayaoshan uplift Cu polymetallic ore clusters.
Ore deposit geology
The Dabaoshan deposit is located at the junction between the NE-trending Wuchuan-Sihui Fault and the EW-trending Dadongshan-Guidong tectonicmagmatic belt in the NR. The Dabaoshan deposit is located on the southern side of the EW-trending Nanling Belt. The deposit contains Cambrian, Devonian, and Jurassic sedimentary units. In the northwest part of the mining area, Cambrian siltstone, quartz sandstone, shale, and slate crop out, unconformably overlain by the Lower-Middle Devonian Guitouqun Formation. The eastern and western areas of the deposit are dominated by the Lower-Middle Devonian Guitouqun, Middle Devonian Donggangling, and Upper Devonian Tianziling formations. The Guitouqun Formation comprises glutenite, grit stone, quartz sandstone, feldspar sandstone, and shale. The Donggangling Formation contains siltstone, shale, dolomite, and limestone and hosts the Cu-S orebody. The Tianziling Formation comprises limestone and micrite. The Lower Jurassic Lantangqun Formation stratum is widely exposed to the southwest of the deposit and comprises quartz sandstone, siltstone, and shale. Within the mining area, faults mainly strike NS and ENE and cut the Dabaoshan syncline. The tectonism that produced these faults and folds occurred during the Yanshanian.
Main magmatic rocks in the region are predominantly dacitic and granodioritic porphyries, with minor later-formed dolerite, felsite, and basalt. The dacitic porphyry is located in Jiuquling-DabaoshanXuwu, over a surface area of~1.5 km 2 and is bounded on the east and west by faults. It contains feldspar, quartz, and biotite, with accessory minerals ilmenite and magnetite, and is affected by silicification, epidotization, sericitizatio, pyritization, and kaolinization. The granodioritic porphyry is exposed in the center and western sections of the mining area, with a surface area of~0.5 km 2 . It intrudes the dacitic porphyry and Early Jurassic units and is controlled by an ENE-trending fault and is cut by a NE-trending fault. It contains plagioclase, orthoclase, and quartz, with minor biotite, magnetite, ilmenite, and titanite, and is affected by greisenization, potash feldspathization, silicification, sericitization, pyritization, and molybdenite mineralization.
The Dabaoshan polymetallic deposit, as well as the Chuandu Mo-W deposit (Fig. 1) , contains Cu in its southern parts, and the copper mineralization occurs as a stratiform Cu-Pb-Zn orebody in the Middle Devonian carbonates of the Donggangling Group, which underlies a stratified or lenticular siderite in the Late Devonian clastic rocks and a weatheredleached limonite horizon within the Dabaoshan syncline. The mineralization is structurally controlled and trends NNW-SSE. The Chuandu Mo-W deposit consists of porphyry-skarn orebodies that trend E-W, and they form a halo around the Dabaoshan granodiorite porphyry. The Cu mineralization trends N-S where the mineralized carbonates are in contact with the Jiuquling-Dabaoshan dacite porphyry, and it forms stratiform, stratified, or lenticular orebodies within several sedimentary horizons. Along both strike and dip, the orebodies may separate or amalgamate into composite bodies. The ores include pyrrhotite-Cu and pyrite-Cu ores that are composed of chalcopyrite, pyrite, pyrrhotite, and sphalerite. The gangue minerals include quartz, sericite, and chlorite with minor epidote, actinolite, and biotite. Several kinds of alteration occur in the wall rocks, including silicification, sericitization, chloritization, carbonatization, biotitization, and K-feldspar alteration. Sericitization is widespread in the muddy sandstones and shales, and the sericitized rocks are light gray, dark gray, or dark green in color, and they are mottled where weathering has occurred.
The development of the Dabaoshan deposit occurred in three stages: skarnification (skarn and late skarn substages), mineralization (ore-sulfide and quartz-sulfide substages), and postmineralization (carbonate substage) (Fig. 2) . Mineralization during the skarn substage occurred under supercritical conditions, with the mineralizing fluids reacting with the host calcareous limestone, causing metasomatism. Anhydrous Ca-Fe-rich silicates crystallized, forming a typical skarn assemblage of garnet, diopside, tremolite, and actinolite, together with disseminated pyrite. The late skarn substage is characterized by extensive biotitization in the dacite porphyry and crumbly aggregates and microveins composed of P-rich metasomatic feldspar and hornblende. Mineralization in the ore-sulfide substage can be subdivided into Mo (molybdenite-pyrite-quartz) and Cu-Pb-Zn stages, with the latter being the main mineralizing event. The ore-sulfide substage is associated with sericitization, chloritization, and silicification, and the paragenetic sequence of the sulfides is pyrrhotite-pyrite-chalcopyrite-(bismuthinite)-sphalerite-galena. Pyrite and PbZn mineralization declined during the quartz-sulfide substage and declined further in the carbonate substage, which mainly affected the margins of the deposit. The carbonate substage is present in the upper and outer of the deposit with minor pyrite and Pb-Zn mineralization.
Analytical methods
Microthermometric analyses of fluid inclusions were performed at the Chinese Academy of Geological Sciences. Among the various types of inclusions, we selected those that were suitable for analyses, and we then used a Linkam THMSG 600 gas-flow heating/ freezing system to subject them to temperature changes ranging from −196 to 600 C with an accuracy of AE0.1 C. We used the homogenization method to assess the fluid inclusion temperatures. After being removed from their slides prior to measurement, thin sections were placed on the heating/freezing stage. We selected inclusions with a certain shape, large volume, slender cavity, and clear phase boundary, all in the same mineral, microscope field of view, and fluid assemblage. The samples were heated at a rate of 10-20 C min −1 , and the heating was paused to enable observations at temperature intervals of 5-10 C. The temperature at which the bubble disappeared was recorded as the homogenization temperature. Fig. 1 Analyses of the fluid inclusion compositions were made at the analytical laboratory of the Chinese Beijing Research Institute of Uranium Geology, Beijing, China, and the instrument used was a Laser Raman Spectrometer, LABHR-VIS LabRAM HR800. Fluid inclusions should be found and located under the microscope. As the epoxy resin can cause the interference during the organic component analysis, thin sections were removed from their slides prior to measurement. Due to the limited penetration distance (less than 5 μm) of the probe, we identified fluid inclusions on the surface of thin sections. This was achieved by abrading thin sections or the fine-focus wheel of the microscope to estimate the distance from the surface to the inclusion. We first identified fluid inclusions under transmitted light and then confirmed their appearance under reflected light. Fluid inclusions that lie close to the surface of thin sections should be visible under reflected light.
We analyzed the isotopic compositions of C, H, and O in representative samples of the ore minerals and the ore-bearing quartz veins (Table 3 ). The C, H, and O stable isotopic analyses were performed with a MAT-253 mass spectrometer in the analytical laboratory of the Chinese Beijing Research Institute of Uranium Geology. The accuracy of the C and O isotopic analyses is AE0.2‰ and AE2‰ for the H isotopes. Grains of epidote, quartz, and calcite were selected for C, H, and O isotopic analyses using a microscope, and the purities of samples were at least 99%. C and O isotopes in calcite were analyzed using the 100% phosphoric acid method. First, the calcite was reacted with phosphoric acid to release CO 2 (McCrea, 1950 ) at a temperature of 25 C. We ensured the C and O isotopic compositions of by measuring the carbon dioxide equilibrium with carbonate. We selected C and O isotope reference materials from the first-grade national carbonate standards of China (standards GBW04416 and GBW04417). The δ 13 C V-PD and δ
18
O PDB values were, respectively, 1.61 and −11.59‰ in GBW04416 and −6.06 and −24.12‰ in GBW04417. We directly ran CO 2 tests using the δ (Friedman & O'Neil, 1977) . For H isotopic analyses in epidote and calcite, we used the decrepitation method. First, fluid inclusions in epidote and calcite were heated until they decrepitated and released volatiles, which were then extracted and collected. At a temperature of 400 C, water reacts with zinc, and liquid nitrogen was then used to freeze the material in sample bottles with active carbon (Coleman et al., 1982) . For O isotopic analyses in epidote and calcite, we used the BrF 5 method (Clayton et al., 1972) . The epidote and calcite samples were reacted with BrF 5 for 15 h, and the oxygen was extracted. The separated oxygen was placed in a CO 2 conversion system at a temperature of 700 C for 12 min, after which CO 2 was collected (Mao et al., 2002) .
The S isotopes were analyzed at the analytical laboratory of the Chinese Beijing Research Institute of Uranium Geology. Sulfide ore samples were treated with Cu 2 O as an oxidant to produce SO 2 . Measurements of the S isotopes were performed with a MAT-253 mass spectrometer, and the analytical accuracy was AE0.2‰.
The Pb isotopes were measured in the Key Laboratory of Isotope Geology in the Ministry of Land and Resources, Beijing, China. First, we broke samples down to 60 mesh; selected particles of pyrite, chalcopyrite, and pyrrhotite; and then crushed these to 200 mesh. We used the HF + HNO 3 method to dissolve the samples. The Pb isotopes were measured using ICP-MS (UK Plasmaquard 3), with errors of ca. 5%.
Results

Petrographic characteristics of fluid inclusions
We collected fresh samples from the Dabaoshan deposit, including samples of the ore-bearing garnet and diopside skarns and the ore-bearing quartz and calcite veins, which represent, respectively, the skarn, ore and quartz sulfide, and carbonate substages.
According to the phase assemblage in fluid inclusions at room temperature, the inclusions can be categorized as two-phase, liquid-rich (L + V) inclusions; multiphase (L + V + S) inclusions; or two-phase vapor-rich (V + L) inclusions (Table 1; Fig. 3 ).
L + V inclusions are dominant in all the host minerals. At room temperature, the inclusions comprise vapor and liquid phases that homogenize into a single liquid phase during heating. L + V inclusions are found in garnet and diopside from skarn substage samples. In these two minerals, the lengths of the long axes of inclusions range from 6 to 20 μm and from 3 to 12 μm, respectively. In the mineralization stage, L + V inclusions are observed in quartz and calcite, and the long axes of the inclusions range from 2 to 20 μm and from 3 to 20 μm, respectively. In the carbonate substage, L + V inclusions in quartz and calcite have long axes that range from 2 to 20 μm. L + V + S inclusions comprise vapor, liquid, and solid phases. During homogenizing, the crystals disappeared first, followed by the vapor phase. L + V + S inclusions are present in garnet from the skarn substage, and their long axes range from 6 to 16 μm.
V + L inclusions comprise vapor and liquid phases, with the vapor phase being dominant. They are dark in color, and all liquid was lost during heating. They are observed in quartz from the mineralization stage, and their long axes measure between 3 and 12 μm.
L + V + S inclusions in garnet from the skarn substage yield the temperatures at which the crystals disappeared, and they range from 438 to 551 C; homogenization temperatures ranged from 403 to 578 C, and salinities were 51.80-66.89%. The homogenization temperatures of L + V inclusions in diopside ranged from 398 to 580 C, and salinities were 20.37-22.44%.
In the mineralization stage, samples contain L + V and V + L inclusions within quartz grains. L + V inclusions yield ice-melting temperatures of −15.80 to −2.50 C, homogenization temperatures of 260-504 C, and measured salinities of 4.18-23.05%. V + L inclusions in quartz are typically homogenized to a gas phase and yield ice-melting temperatures of −7.00 to −4.50 C, homogenization temperatures of 353-562 C, and salinities of 7.17-10.49%. L + V inclusions in calcite yield homogenization temperatures of 255-337 C and salinities of 6.45-15.57%. 
Fluid inclusion compositions
The vapor, liquid, and solid components of fluid inclusions from garnet skarn and ore-bearing quartz and calcite veins were analyzed using a laser Raman microprobe, yielding clear peaks for CO 2 , H 2 O, N 2 , CH 4 , and As 4 S 4 (Table 2; Fig. 4 ). The liquid phase was typically H 2 O, and the vapor phase contained CO 2 , H 2 O, N 2 , CH 4 , and As 4 S 4 .
C, H, and O isotopic data
We systematically determined the C and O isotopic compositions in calcite and H in quartz and epidote. We analyzed the C, H, and O isotopic compositions in representative samples from ores and ore-bearing quartz veins (Table 3) . Table 3 
Results of the C, H, and O isotopic analyses are given in
S isotopic data
Ore-forming pyrite, chalcopyrite, and pyrrhotite were analyzed for their S isotopic compositions (Table 4 ). δ 34 S values ranged from −0.9 to 1.2‰, −1.0 to −0.8‰, and −1.7 to −0.7‰ in pyrite, chalcopyrite, and pyrrhotite, respectively.
Pb isotopic data
The Pb isotopic contents of pyrite, chalcopyrite, and pyrrhotite from ores in the Dabaoshan deposit are given in 6. Discussion
Characteristics of the ore-forming fluids
The characteristics of fluid inclusions provide a tool for determining various physical, chemical, and thermodynamic data, and they yield information on the geological, geochemical, and evolutionary history of a region. Homogenization temperature and salinity data for fluid inclusions in the Dabaoshan deposit allow us to draw conclusions about the nature of oreforming fluid.
We observed two types of inclusions (L + V and L + V + S) in garnet and one type (L + V) in diopside of the skarn substage in the Dabaoshan deposit. Homogenization temperatures of fluid inclusions were high (from 298 to 580 C), with a peak value of 580 C. Salinities were high (from 20.37 to 66.89%), and peak values were 56 and 58% (Fig. 3) . Oreforming fluids in the skarn substage belonged to a high-temperature and high-salinity system (Fig. 5) . Quartz-sulfide substage samples contain L + V and V + L inclusions within quartz and L + V inclusions in calcite. The peak homogenization temperature was 310 C, and the peak salinity was 9% (Fig. 3) . Oreforming fluids belonged to a medium-to lowtemperature salinity system (Fig. 5) . In the carbonate substage, L + V-type inclusions are present in the quartz and calcite. The peak homogenization temperature was 240 C, and the peak salinity was 6% (Fig. 3) . Ore-forming fluids belonged to a lowtemperature and low-salinity system (Fig. 5) . To summarize, ore-forming fluids in the skarn substage belonged to a high-temperature and highsalinity system; in the sulfide substage, they belonged to a medium-low-temperature and medium-lowsalinity system; and in the carbonate substage, they belonged to a low-temperature and low-salinity system (Fig. 5) . In the sulfide substage, the lower-and higher-temperature inclusions occur together, and they homogenized at similar temperatures. Oreforming materials were precipitated and accumulated progressively as salinities of fluids gradually decreased. Salinities decreased rapidly from the high-temperature and high-salinity skarn substage to the lower and middle parts of the sulfide substage, and an abundance of ore-forming materials were precipitated during this decrease in salinities, with the sulfide substage being the main ore-forming period.
In the carbonate substage, salinities of ore-forming fluids decreased as temperatures continued to decrease, and mixing took place with lowtemperature and low-salinity meteoric water. The original high-temperature and high-salinity fluids were mainly of magmatic origin. In summary, therefore, fluid inclusions in the garnet, diopside, quartz, and calcite, and their temperatures of formation and salinities, represent three evolutionary stages of Dabaoshan mineralization (Fig. 5 ).
Sources of the ore-forming fluids
Ore-forming fluids act as the medium for the migration of mineralizing elements, and fluid inclusions in minerals are therefore the key to studying the genesis of ore deposits. C, H, and O isotopic compositions in calcite are an effective way of tracing the ore-forming fluid sources (Zheng et al., 2000; Peng & Hu, 2001 ). The C isotopes of ore-forming fluids are derived from three possible sources. The first is the mantle where emanations from the parental magma are characterized by δ 13 C V-PDB values of −5 to −2‰ and −9 to −3‰ (Taylor, 1986) . The second source is the degassing of sedimentary carbonate rocks and carbonates formed by the reaction of saline brine and argillaceous rocks. Here, the C isotopes are relatively heavy, with δ 13 C V-PDB values from −2 to 3‰, with the values in marine carbonates usually around 0‰ (Veizer et al., 1980) . The third source is the organic carbon content of many rock types. Organic carbon is generally enriched in 12 C, so the C isotopes are light, with δ 13 C V-PDB values ranging from −30 to −15‰ and with an average of −22‰ (Ohmoto, 1972) . The δ
13
C V-PDB values of ore-forming fluids in the Dabaoshan deposit range from −8.10 to −4.90‰, which suggests that the carbon was derived from carbonates in the original host rocks that were assimilated by the intruding magmas. The δ 13 C V-PDB versus δ 18 O V-SMO diagram (Fig. 6) indicates that carbon in ore-forming fluids was derived mainly from the dissolution of carbonate wall rock. Water is the basic component of ore-forming fluids, and it may be derived from meteoric water, seawater, primary water, magmatic water, or connate water (including deep hot brines and oil-field water) (Han & Ma, 2003; Chen & Wang, 2004) , and the H and O isotopic compositions of ore-forming fluids are important tracers for differentiating these various sources of water. The δD V-SMOW values of the Dabaoshan ore-forming fluids range from −48.10 to −38‰, and calculations give us δ
18
O H2O values of 0.38 to 10‰. These data indicate that ore-forming fluid was primarily magmatic water. In the late stages of mineralization, fluid inclusions in calcite indicate mixing with increasing amounts of meteoric water that was reacting with the rocks. O isotopic compositions of ore-forming fluids therefore indicate progressive changes in the type of water involved, especially in the later stages of mineralization, but mineralization continued nevertheless.
Sources of the ore-forming materials
The δ 34 S values of sulfides in the Dabaoshan deposit range from −1.7 to 1.2‰, and are always less than 10‰ (Table 4) . These data indicate a high degree of homogenization in S isotopes and a single source. Pyrite (Py), chalcopyrite (Cp), and pyrrhotite (Po) are the important sulfide minerals that occur in various sites and were precipitated under a range of different conditions. The values of δ 34 S almost always show that δ 34 S Py > δ 34 S Po > δ 34 S Cp , so there was a progressive change in δ 34 S during the successive development of these minerals. The equilibrium temperatures of these minerals, according to the sulfur isotopes, range from 200 to 300 C and from 250 to 450 C (Stein et al., 2003) , consistent with homogenization temperatures of fluid inclusions. This result indicates that the ore-forming solutions and the precipitating minerals had reached equilibrium in their chemistry and isotopic compositions. As sulfur isotopes are controlled by temperature, oxygen fugacity, pH, ionic strength, and δ 34 S P S in the hydrotherm, the δ 34 S values of the ore minerals cannot reflect the heavy δ 34 S P S compositions of ore-forming fluids under given conditions. Stein et al. (2003) contents of hydrothermal fluids are continuously enriched from a range of 0-0.21 to a range of 2.01-3.71‰. Xu et al. (2008) obtained pH (from 4.4 to 5.8), f O2-(from −30.13 to −28.1), and f S2 (from −8.1 to −9.6) values through calculations using an estimated δ 34 S P value of 3.00 AE 2.00‰. Above all, the sulfur of the primary ore-forming fluids came mainly from deep magmatic sources, and it shows only a weak relationship with the sulfur in the host strata of the mining area. Griffiths et al. (1985) proposed that Pb isotopic compositions could be used to elucidate crustal evolution and ancient crust movements. Zartman and Doe (1981) and Zartman and Haines (1988) proposed a "Pb tectonic model" that explores the Pb isotopic relationships among crustal and mantle sources. According to the Pb structure model (Fig. 7) , the Dabaoshan Pb isotopic compositions fall in the upper crust field, which shows that almost all the lead in the Dabaoshan mineralizing fluids was derived from magmas that had crustal sources. The δ 34 S values of the Dabaoshan magmatic sulfur are enriched relative to the deep mantle (δ 34 S = 0‰), which suggests that remelting of crustal material was involved in the generation of the parental Dabaoshan magmas.
Discussion of Dabaoshan mineralization
In the Mesozoic, intense, multistage tectonicmagmatic activities and large mineralization took place in East China in association with a series of significant geological events, including the collision and amalgamation of the South and North China blocks, significant changes in geodynamics, and lithospheric thinning. In this region, the nature of the volcanism, magmatic intrusions, biological evolution, and mineralization are generally well constrained (Gilder et al., 1991 (Gilder et al., , 1996 Mao et al., 1999 Mao et al., , 2004a Mao et al., , 2004b Xu & Lin, 2000; Xu et al., 2002; Goldfarbl et al., 2007) . In South China, lithospheric extension took place in three stages, from 180 to 155 Ma, 145 to 125 Ma, and 110 to 75 Ma, and the ages of numerous mafic dikes and mineralization correspond well with these three stages .
Clearly, all these activities relate to the same evolutionary geodynamic processes (Gilder et al., 1991; Mao et al., 1999) . In South China, the significant Mesozoic mineralization is almost always associated with the emplacement of granitoid. Granitoid can supply materials and energy or, in some cases, just energy. With respect to ore-forming materials, the deposits can be divided into two types: those with a mixed crust-mantle source and those with just a crustal source. The Cu and Pb-Zn deposits of the Cu-Sn-PbZn belt are related to granites that formed from a mix of crust and mantle sources. From 170 to 150 Ma, several subparallel EW striking belts were formed extending along the Jiangshan-Shanxing faults in South Hubei and North Guangdong. The mixed crust-mantle sources produced a series of I-type granites and alkali-rich granite porphyries, and some granite plutons underwent intense differentiation, accompanied by porphyry copper and Cu-Pb-Zn polymetallic mineralization. After 135 Ma, on the Chinese mainland and along the East Asian continental margin, there was a prolonged period of extensional tectonics that was related to changes in the movement direction of the Pacific Plate, from the original oblique subduction to movements that were subparallel to the continental margin (Goldfarbl et al., 2007; Mao et al., 2007 Mao et al., , 2008 Mao et al., , 2009 ). In South China, mineralization occurred in volcanic basins, faulted basins, and metamorphic core complexes where detachment structures were the main ore-controlling structures. The sources of the rocks associated with this mineralization were multiple, including the upper mantle-lower crust (e.g. the epithermal Cu-Au-Ag deposit at Zijinshan) and the upper crust (e.g. Sn deposits at Yinyan, Gejiu, and Dachang) (Mao et al., 1999) . In the Qinhang Belt, mineralization at this stage appeared in the southwestern part of the Yunkai-Dayaoshan region. The intensity of mineralization was strong, with many different ore types distributed in basins and along their margins. Cretaceous mineralization in West Guangdong and Southeast Guangxi forms part of the mineralization along the East China margin. Due to strong interactions between the crust and mantle, great quantities of various kinds of mineralization are found in the ancient Qinhang Belt, and massive amounts of W, Sn, Mo, Cu, Pb, Zn, Au, Ag, and Mn were accumulated from 100 to 80 Ma.
Mineralization in the Dabaoshan deposit took place over a prolonged period (Mao et al., 1999) . During the course of the mineralization, the evolution of the associated porphyry and changes in the environmental conditions were accompanied by changes in the characteristics of ore-forming fluids and the compositions of ore deposits. The deposit exhibits multiple stages of ore formation. In this region, the precondition for mineralization was the nature of the tectonicmagmatic system at the time. Based on the geochemical characteristics of the Dabaoshan deposit, and the spatial-temporal relationships between the granodiorite porphyry and the Cu-Pb-Zn and Mo-W mineralization, the genesis of the Dabaoshan deposit can be described as a porphyry-skarn type, which developed in association with hydrothermal fluids of magmatic origin. In South China, as asthenospheric upwelling of the mantle took place, large areas of granite were formed in the continental crust in association with large mineralization. The base of the crust was underplated by huge quantities of basaltic materials in the Early Yanshanian, and the lithosphere was extended (Mao et al., 1999) . In the Early Yanshanian (~175 Ma), materials sourced in the upper mantle or lower crust caused partial melting of the lower crust, and the original mantle-derived magmas were therefore contaminated by the continental crust. Under the stress field of the Early Yanshanian, fractional crystallization in the deeper parts of the magma chambers produced intermediate-acidic magmas. These magmas then rose to shallow depths to form the Dabaoshan granodiorite porphyry body along a ca. EW fracture zone in the Dabaoshan area. The magma was emplaced into Cambrian, Devonian, and Lower Jurassic rocks to form skarns and greisen. Following the emplacement of the granodiorite porphyry, ore-bearing hydrothermal fluids migrated through the host carbonate or clastic rocks to form porphyry-skarn orebodies in the inner and outer contact zones. The age of this mineralization is~165 Ma (Mao et al., 1999) . The temperatures during ore formation ranged from 255 to 562 C. Most of the mineralization took place under medium-to low-temperature conditions. Ore-forming fluids and ore-bearing solutions were halogen-rich and alkali-rich, and they belonged to the CaCl 2 (MgCl)-NaCl-KCl-H 2 O system. The original magmaderived fluids were eventually mixed with meteoric water. The salinities of fluids ranged from 0.18 to 18.72%, and their densities ranged from 0.261 to 0.678 g cm −3 . The δ 18 O H2O values of different minerals range from 0.38 to 10‰. These data show that oreforming fluids were primarily of magmatic origin with later admixtures of meteoric water. The sulfur isotopic compositions of the sulfides are mainly −1.7 to 1.2‰, indicating that the sulfur was derived mainly from a magmatic system. Pb isotopic compositions of ores show a relationship with magmatic hydrothermal processes in the Yanshanian. Oreforming materials were sourced mainly from a porphyry magmatic system, and crustal components played an important role.
Conclusions
1 Ore-forming fluids represent a continuous process from high temperatures and salinities to low temperatures and salinities corresponding to the progressive development of mineralization. 2 Ore-forming fluids were derived mainly from magmatic water. During the late stages of mineralization, fluids were produced during admixture of meteoric water. Sulfur in ore-forming fluids came mainly from deep magmatic sources. Remelting of crustal materials was involved in the generation of the parental magmas. Most of the lead in ore-forming fluids was derived from magmas with a crustal source. 3 Mineralization of the Dabaoshan deposit was associated with granodiorite porphyry of the Early Yanshanian age, hydrothermal fluids of post magma brought into ore-forming materials, and maybe extracted few metal materials. 4 In the Dabaoshan mining area, the Xiangguanping Fault and its branches became the main conduits for magmatic crystallization and mineralization. The numerous subfaults, folds, and interlayer fracture zones on both sides of the main faults provided space for ores to be deposited, and they constitute the main ore-controlling structures of the Dabaoshan orebody.
